IMPORTANCE Guidelines for patients with ST-segment elevation myocardial infarction (STEMI) recommend timely reperfusion with primary percutaneous coronary intervention (pPCI) or fibrinolysis. Among patients with STEMI who require interhospital transfer, it is unclear how reperfusion strategy selection and outcomes vary with interhospital drive times.
nary intervention (pPCI), which has proven mortality benefit over fibrinolysis in clinical trials, is the preferred reperfusion strategy, provided that it can be delivered in an expedient manner. 1, 2 Nevertheless, only one-third of acute care hospitals in the United States have around-the-clock PCI capability. 3, 4 Although several regional STEMI systems have been successful in reducing reperfusion delays, 5,6 on a national level a substantial proportion of patients with STEMI who are transferred for pPCI still fail to achieve the recommended goal of first medical contact to reperfusion within 120 minutes. 3, 7 Current American College of Cardiology Foundation/American Heart Association 1 guidelines recommend consideration of fibrinolytic therapy for eligible patients who are first treated at a hospital without PCI capability and cannot receive timely pPCI (class I; level of evidence, A). Although we have some knowledge of practice patterns internationally [8] [9] [10] [11] and within a few regional STEMI networks in the United States, 5,6,12-14 little information exists to date on nationwide patterns of reperfusion strategy selection and associated outcomes among patients with STEMI who require interhospital transfer in the United States. In particular, it is unclear how reperfusion selection varies based on the predicted travel time needed for patients who are first triaged at a hospital without pPCI capability (a STEMI referring center) and then transferred to a STEMI receiving center. Our study of the National Cardiovascular Data Registry (NCDR) Acute Coronary Treatment and Intervention Outcomes Network Registry-Get With the Guidelines (ACTION Registry-GWTG) included 2478 unique pairs of STEMI referring and receiving centers across the United States, offering the first description to date of nationwide reperfusion practices for patients with STEMI who are initially seen at a hospital without PCI capability. The first objective of our study was to describe how fibrinolysis vs pPCI strategy selection varies with the estimated drive time between STEMI referring and receiving centers among all transferred patients. The second objective was to focus on the cohort of patients for whom fibrinolytic therapy or pPCI could be a reasonable option based on estimated interhospital drive times and to compare timeliness of care and outcomes associated with each reperfusion strategy.
Methods

Data Sources
The ACTION Registry-GWTG is the largest ongoing quality improvement registry of acute myocardial infarction in the United States, capturing detailed clinical information on consecutive patients treated at participating centers. The registry serves as the hospital data collection and evaluation mechanism for the American Heart Association's Mission: Lifeline program. Each study hospital's institutional review board approved participation in the registry, and the requirement for informed consent was waived because data were collected without individual patient identifiers. Institutions participating in the ACTION Registry-GWTG reported detailed information on baseline demographic and clinical characteristics, care processes, and in-hospital outcomes for all patients initially seen with acute myocardial infarction. Data were screened for completeness and accuracy during web-based entry, and data quality and integrity are maintained through the use of standardized data definitions, uniform data transmission protocols, and routine data quality checks and audits. 15 For all patients transferred to an ACTION Registry-GWTG hospital, the name and/or American Hospital Association identification number of the transferring hospital was collected as free-text elements on the ACTION Registry-GWTG data collection form. We manually linked each transferring hospital name to its record in the American Hospital Association survey database to access hospital information such as address, bed size, and available inpatient facilities and services. 16 
Study Population
Among 115 316 patients with STEMI captured in the ACTION Registry-GWTG between July 1, 2008, and March 31, 2012, we focused on 36 036 patients (31.2%) who were initially seen at a STEMI referring center and were subsequently transferred to a STEMI receiving center ( Figure 1) . We first excluded patients who did not receive reperfusion (n = 6056), patients with symptom onset to first presentation exceeding 12 hours or missing symptom onset time (n = 3683), patients who were transferred to a hospital without PCI capabilities (n = 33), and patients with absolute or relative contraindications to fibrinolytic therapy (n = 725). Finally, among 25 539 remaining patients who were transferred and eligible for reperfusion, we excluded transfer patients from STEMI referring centers that could not be linked to a valid address survey data set (n = 2475), patients with missing fibrinolytic administration times or with receipt of fibrinolytics after arrival to the STEMI receiving center (n = 101), and patients with a drive distance exceeding 200 miles who would almost certainly require nonground transportation (n = 482). Similar patient characteristics were observed between patients who were included in vs removed from the analysis population after this last series of exclusions (eTable 1 in the Supplement). Our final study population included 2478 unique pairs among 1771 STEMI referring and receiving centers that transferred 22 481 patients with STEMI to 366 STEMI receiving centers in the ACTION Registry-GWTG.
Outcomes
Descriptive outcomes include the use of fibrinolysis or pPCI and the first door-to-balloon (DTB) time for patients treated with pPCI, defined as the interval from the STEMI referring center presentation to the first device activation time, regardless of the type of device used. The clinical outcomes of interest were in-hospital mortality and major bleeding. In-hospital major bleeding, as defined by the ACTION Registry-GWTG, 17 included any of the following: an absolute hemoglobin level decrease of 4 g/dL or more, intracranial hemorrhage, any red blood cell transfusion with a baseline hemoglobin level of 9 g/dL or higher, or a red blood cell transfusion with a baseline hemoglobin level of less than 9 g/dL and a suspected bleeding event (to convert hemoglobin level to grams per liter, multiply by 10.0).
Statistical Analysis
For each unique STEMI referring and receiving center pair, we used Google Maps (https://www.google.com/maps) to calculate the drive distance and time between hospitals, providing drive time estimates similar to what hospitals would use during reperfusion decision making. The median difference between estimated drive times and documented transfer times (departure from the STEMI referring center to arrival at the STEMI receiving center) was 9 minutes (interquartile range [IQR], 6-31 minutes). We first assessed the distribution in distance and estimated drive times between STEMI referring and receiving centers and then compared these between patients treated with fibrinolytics vs pPCI among all transferred patients. The proportions of patients achieving a first DTB time within 120 minutes and receiving fibrinolysis were reported after stratification by the estimated drive time between STEMI referring and receiving centers.
In the analyses comparing patients receiving pPCI and fibrinolysis, we focused on a secondary cohort of transferred patients with STEMI with an estimated drive time between 30 and 120 minutes. These times were selected to identify a cohort for whom fibrinolysis or pPCI would be a reasonable reperfusion strategy because fibrinolytics would not be indicated if a first DTB time within 120 minutes could be easily achieved (95% of patients with an estimated drive time ≤30 minutes underwent pPCI), and pPCI would not be recommended if a first DTB time within 120 minutes was impossible (95% of patients with an estimated drive time >120 minutes received fibrinolysis). In this secondary cohort of 15 437 patients eligible for fibrinolysis or pPCI, we examined reperfusion strategy selection and timeliness. We then compared baseline patient and hospital characteristics, as well as inhospital treatment between reperfusion strategies, using Pearson χ 2 tests for categorical variables and Wilcoxon rank sum tests for continuous variables. The following patient characteristics at the time of presentation were abstracted into the data collection form based on medical records transferred to the STEMI receiving center: electrocardiographic changes on the initial electrocardiogram, admission heart rate, admission systolic blood pressure, and the presence of heart failure plus shock on admission. Data are presented as frequencies and percentages for categorical variables and as medians (IQRs) for continuous variables. Finally, we used logistic regression with generalized estimating equations to compare risk-adjusted outcomes between patients receiving pretransfer fibrinolytics and those receiving pPCI. This method accounts for withinhospital clustering because patients treated at the same hospital tend to have more similar responses relative to patients treated at other hospitals. 18 Each outcome was adjusted for a comprehensive list of variables adapted from the previously validated ACTION Registry-GWTG mortality 19 and bleeding risk 17 models (eTable 2 in the Supplement), including the estimated drive time between STEMI referring and receiving centers, whether travel occurred during peak hours (defined as 8 AM to 6 PM) or nonpeak hours, and other significant variables in univariate comparisons. We performed a sensitivity analysis using mixed-effects models that include random effects for hospitals to estimate site-specific comparisons.
In addition, we examined bleeding outcomes among fibrinolysis-treated patients who (1) required rescue PCI after failed fibrinolysis, (2) require rescue PCI and had no catheterization or delayed catheterization beyond 6 hours after fibrinolytic administration. Using the methods described above, we compared unadjusted and adjusted bleeding outcomes for each of these groups with those of patients who received pPCI. Statistical significance was defined as P < .05. All analyses were performed by the NCDR data analysis center at the Duke Clinical Research Institute using statistical software (SAS, version 9.3; SAS Institute Inc).
Results
Association of Estimated Interhospital Drive Times With Reperfusion Strategy Selection and Timeliness
Among 22 481 fibrinolysis-eligible patients with STEMI transferred between 2478 STEMI referring and receiving center pairs in the ACTION Registry-GWTG, 6642 patients (29.5%) received pretransfer fibrinolytic therapy, whereas 15 839 patients (70.5%) were directly transferred for pPCI. Figure 2 shows the distribution of estimated interhospital drive times for these centers. The median estimated interhospital drive time was 57 minutes (IQR, 36-88 minutes), with a median drive distance of 48 miles (IQR, 28-81 miles). The median estimated drive times and distances were 39 minutes (IQR, 25-57 minutes) and 32 miles (IQR, 18-49 miles) among patients who received pPCI and were 66 minutes (IQR, 48-97 minutes) and 58 miles (IQR, 41-89 miles) among patients who received pretransfer fibrinolysis.
Overall, 8132 of 15 839 patients with STEMI (51.3%) who were transferred for pPCI achieved guideline-recommended first DTB time within 120 minutes. As the estimated drive time increased, the proportion of patients achieving a first DTB time within 120 minutes was lower and the proportion of patients receiving fibrinolysis was higher (Figure 3) . When the estimated drive time between hospitals exceeded 30 minutes, only 42.6% of transfer patients received pPCI within 120 minutes, Each bar represents the number of unique pairs of STEMI receiving and referring centers (2478 total) that had an estimated drive time within the specified time frame. 
Characteristics of Patients Treated With Fibrinolysis vs Primary PCI
Because 95% of patients with estimated interhospital drive times of 30 minutes or less underwent pPCI and 95% of patients with estimated drive times exceeding 120 minutes received fibrinolysis, we examined reperfusion strategy selection and timeliness in a secondary cohort of 15 437 fibrinolysiseligible patients transferred to a STEMI receiving center 30 to 120 minutes away for whom either may have been a possible reperfusion strategy. In this cohort, 5296 patients (34.3%) received pretransfer fibrinolysis, and 10 141 patients (65.7%) were directly transferred for pPCI. Among the latter group transferred for pPCI, only 43.7% achieved a first DTB time within 120 minutes. In our study cohort, patients who received fibrinolysis were less likely to be 75 years or older and had modestly lower rates of prior stroke and diabetes mellitus than patients who received pPCI ( Table 1) . Fibrinolysis-treated patients were less likely to exhibit signs of cardiogenic shock on admission, and the predicted in-hospital mortality risk (using the ACTION Registry-GWTG mortality risk score) was slightly lower in the fibrinolysis group. Compared with patients who were transferred for pPCI, patients who received fibrinolytic therapy before transfer were more likely to originate from a hospital without PCI or cardiac surgery capability and to transfer into a larger STEMI receiving center ( Table 2) . The median door-to-needle time was 34 minutes (IQR, 23-53 minutes); only 43.8% of patients achieved a door-toneedle time within 30 minutes. The most commonly used fibrinolytic agent was tenecteplase (74.6%), followed by reteplase (21.6%); 95.8% of fibrinolysis-treated patients received a full dose of the fibrinolytic agent. The median time from fibrinolytic administration to departure from the STEMI referring center was 46 minutes (IQR, 28-70 minutes). After transfer, 97.1% of fibrinolysis-treated patients underwent cardiac catheterization. Rescue PCI, defined by the NCDR as PCI performed after failed full-dose fibrinolysis, was performed in 2200 of 5296 patients (41.5%) treated with fibrinolytics, with a median time from fibrinolytic administration to PCI of 148 minutes (IQR, 117-204 minutes). Among patients not requiring rescue PCI, the median time from fibrinolytic administration to PCI was 19.5 hours (IQR, 7.7-34.0 hours), and a pharmacoinvasive strategy, defined as cardiac catheterization within 6 hours of fibrinolytic administration, 20 was used in 1195 patients (38.9%). P2Y 12 receptor inhibitors and glycoprotein IIb/ IIIa inhibitors were used within the first 24 hours of presentation in 85.8% and 32.1%, respectively, of patients who received fibrinolysis (Table 2 ).
In-Hospital Mortality and Major Bleeding
Among patients transferred to a STEMI receiving center between 30 and 120 minutes away, we observed no difference in unadjusted and adjusted in-hospital mortality between patients treated with fibrinolysis vs pPCI (3.7% vs 3.9%; adjusted odds ratio [aOR], 1.13; 95% CI, 0.94-1.36). The risk of in-hospital major bleeding was higher in patients receiving pretransfer fibrinolytic therapy vs pPCI (10.7% vs 9.5%; aOR, 1.17; 95% CI, 1.02-1.33). This increase in bleeding risk with fibrinolysis was primarily observed in patients who required rescue PCI (12.9% vs 9.5%; aOR, 1.44; 95% CI, 1.22-1.70 [compared with pPCI]). After excluding patients who required rescue PCI, no significant difference was observed in bleeding risk between fibrinolysis and pPCI when cardiac catheterization was performed within 6 hours after fibrinolytic administration (9.1% vs 9.5%; aOR, 0.93; 95% CI, 0.72-1.19). Also, no difference was observed in bleeding risk between fibrinolysis and pPCI if catheterization was performed more than 6 hours after fibrinolytic administration or no catheterization was performed (9.2% vs 9.5%; aOR, 0.97; 95% CI, 0.81-1.16). Sensitivity analyses using hierarchical models to estimate a site-specific comparison yielded similar results. Intracranial hemorrhages were rare, occurring in 32 of 5296 patients treated with fibrinolysis (0.6%) and in 6 of 10 141 patients treated with pPCI (0.06%). These event rates were too low to permit multivariable adjustment. 
Research Original Investigation Fibrinolysis Use Among Hospital Transfer Patients Discussion
This study represents the first evaluation of reperfusion strategy selection, timeliness, and outcomes on a national scale for patients with STEMI initially seen at a STEMI referring center and subsequently transferred to a STEMI receiving center. We found that less than half of patients with STEMI achieved pPCI within the guideline-recommended time frame if they required transfer to a STEMI receiving center more than 30 minutes away. Yet, fibrinolytic therapy use was infrequent among eligible patients who had a low likelihood of achieving timely pPCI, and its administration was often delayed. Among eligible patients transferred 30 to 120 minutes away, no significant difference was observed in mortality between pPCI and a contemporary, guideline-recommended pretransfer fibrinolytic strategy involving early transport to a STEMI receiving center. Although intracranial hemorrhages were rare, the risk of overall major bleeding was higher among patients receiving pretransfer fibrinolytic therapy vs pPCI. Guidelines recommend pPCI within 120 minutes for patients requiring interhospital transfer for STEMI care, and regional STEMI initiatives have led to improvements in DTB times for these patients.
6,9,11,14,21 For example, the Minneapolis Network demonstrated the ability to achieve a first DTB time within 120 minutes for patients as far as 60 miles away from the pPCI center. 5 In our study, 51.3% of transferred patients nationally achieved a first DTB time within 120 minutes, which is improved from 30% in a 2005 to 2007 NCDR survey. 7 Nonetheless, room for improvement remains in reperfusion performance in the United States because our study shows that neither fibrinolysis nor pPCI is being optimally used to achieve guideline-recommended treatment targets. A previous editorial 22 echoes this point, advocating for reconsideration of fibrinolysis among eligible patients who are unable to achieve timely primary PCI, and we have observed limited reductions in interhospital transfer times for patients with STEMI despite significant investment of effort and resources. When estimated drive times exceeded 30 minutes (as is the case with most transferred patients with STEMI in the United States) in our study, more than half of these patients failed to achieve a first DTB time within 120 minutes. In this setting, current guidelines would recommend consideration of pretransfer fibrinolysis, yet fibrinolysis is infrequently used and often delayed among eligible patients, even among those who have little expectation of attaining a first DTB time within 120 minutes. 1 Although our data do not capture causes for these care gaps, potential explanations may include indecision regarding reperfusion strategy, complex care coordination between STEMI referring and receiving centers, and reluctance to consider fibrinolysis.
23
Previous studies 2, 24 of fibrinolytic therapy showed increased mortality and bleeding risks compared with pPCI. However, a 2011 observational study 25 of 5295 patients with STEMI in Belgium found a narrowing mortality gap among patients treated with pPCI vs fibrinolysis (with 84% undergoing subsequent invasive evaluation). More recently, the Strategic Reperfusion Early After Myocardial Infarction (STREAM) study 26 found no mortality difference between prehospital fibrinolysis and pPCI. A significantly higher risk of intracranial hemorrhage in the fibrinolysis group, detected in the early phase of this trial, led to fibrinolytic dose reduction among older patients, after which the intracranial hemorrhage rate no longer differed from that of the PCI group. While not designed to directly compare outcomes between pPCI and fibrinolysis, the results of our observational study suggest that the estimated interhospital drive time should be factored into the decision between fibrinolysis and pPCI. For patients with an estimated drive time between 30 and 120 minutes (a population for whom fibrinolysis or transfer for pPCI would be a reasonable option), we observed no significant mortality difference between reperfusion strategies. These data are in line with the results of other recent fibrinolysis investigations. A next phase of the Mission: Lifeline geospatial information systems project will prospectively designate statewide preferred reperfusion strategies to best meet current guideline benchmarks based on interhospital distance and transportation options.
27
The incidence of intracranial hemorrhage was low (32 patients [0.6%]) among 5296 fibrinolysis-treated patients, but the overall odds of major bleeding associated with fibrinolysis was 16.5% higher than that among pPCI-treated patients. The 2013 American College of Cardiology Foundation/American Heart Association 1 STEMI guidelines provide a class IIA recommendation for routine transfer of all patients after administration of fibrinolytic therapy for early coronary angiography and potential revascularization; this recommendation is based on several randomized clinical trials 20,28 and on a meta-analysis.
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As such, most patients in our study were transferred to a pPCI center within 1 hour of fibrinolytic administration. The excess bleeding risk associated with fibrinolytic therapy was largely observed in patients who required rescue PCI. In these patients, bleeding risk may be compounded by periprocedural anticoagulant and antiplatelet therapy use. A pharmacoinvasive strategy involving cardiac catheterization within 6 hours of fibrinolytic administration was associated with no significant difference in bleeding compared with pPCI. Fibrinolysis with delayed catheterization beyond 6 hours or without catheterization, as was the case with most of the participants in the STREAM study, 26 also appeared to be as safe as pPCI.
Given its higher associated bleeding risk, the potential benefit of pretransfer fibrinolysis should be weighed against bleeding risk and may be a reperfusion option for only a subset of patients deemed unlikely to receive timely pPCI. Our study has some limitations that warrant consideration. First, we cannot account for the influence of regionally established STEMI care networks on reperfusion strategy selection and timeliness because this information was not captured in the ACTION Registry-GWTG. Care protocols established by such networks may be uniquely tailored to the geographic needs and capabilities of its component centers such that timely pPCI is achieved, even for patients with long transportation distances.
5,21,30 Second, heterogeneity among the STEMI receiving centers that did not participate in the ACTION Registry-GWTG may affect the generalizability of our results. Third, we had no information on actual drive times and routes for each transferred patient, and our study could not
Rescue PCI was not centrally adjudicated but was reported by the site using a standardized NCDR definition. The time from fibrinolytic administration to PCI was substantially shorter among patients coded as receiving rescue PCI vs those not requiring rescue PCI. Fifth, we have no data regarding the anatomic location of the STEMI and the consequent culprit lesion. Sixth, given the few intracranial hemorrhages, we were unable to perform multivariable-adjusted analyses. Seventh, patients in this observational study treated with pPCI had higher estimated mortality risk than those treated with fibrinolysis based on comparisons of measured clinical characteristics. We cannot exclude the possibility that physicians may be selecting pPCI as a treatment strategy for higher-risk patients, even in the face of longer DTB times. Despite robust multivariable adjustment, the presence of unmeasured confounding could mask a potential benefit from PCI. Finally, postdischarge outcomes were not collected by the NCDR because of US privacy laws, precluding comparisons of longerterm outcomes.
Conclusions
In summary, this is the first description to date of nationwide reperfusion practices in the United States. We observed that neither fibrinolysis nor pPCI is being used optimally to achieve guideline-recommended reperfusion targets for patients with STEMI who are first evaluated at a hospital without PCI capability. Our study findings suggest consideration of estimated interhospital drive times when making reperfusion decisions because less than half of patients transferred for pPCI achieved a first DTB time within 120 minutes when estimated drive times exceeded 30 minutes. Among eligible patients who required 30-minute to 120-minute transfers, fibrinolysis was associated with no significant mortality difference but with increased bleeding risk compared with pPCI. Therefore, for such patients who are unlikely to receive timely pPCI, pretransfer fibrinolytics, followed by early transfer for angiography, may be a contemporary reperfusion option when potential benefits of timely reperfusion outweigh bleeding risk.
